Mitochondrial aconitase modification, functional inhibition, and evidence for a supramolecular complex of the TCA cycle by the renal toxicant S-(1,1,2,2-tetrafluoroethyl)-L-cysteine.
Metabolism of the common industrial gas tetrafluoroethylene in mammals results in the formation of S-(1,1,2,2)-tetrafluoroethyl-L-cysteine (TFEC), which can be bioactivated by a mitochondrial C-S lyase commonly referred to as beta-lyase. The resultant "reactive intermediate", difluorothioacetyl fluoride (DFTAF), is a potent thioalkylating and protein-modifying species. Previously, we have identified mitochondrial HSP70, HSP60, aspartate aminotransferase, and the E2 and E3 subunits of the alpha-ketoglutarate dehydrogenase (alphaKGDH) complex as specific proteins structurally modified during this process. Moreover, functional alterations to the alphaKGDH complex were also detected and implicated in the progression of injury. We report here the identification, by tandem mass spectrometry, and functional characterization of the final remaining major protein species modified by DFTAF, previously designated as P99(unk), as mitochondrial aconitase. Aconitase activity was maximally inhibited by 56.5% in renal homogenates after a 6 h exposure to TFEC. In comparison to alphaKGDH, aconitase inhibition (up to 79%) in a cell culture model for TFEC-mediated cytotoxicity was greater and preceded alphaKGDH inhibition, indicating that aconitase modification may constitute an early event in TFEC-mediated mitochondrial damage and cell death. These findings largely define the initial lesion of TFEC-mediated cell death and also have implications for the modeling of mitochondrial enzymatic architecture and the localization and identity of renal mitochondrial cysteine S-conjugate beta-lyase.